Abstract. Effects of sevoflurane and propofol anesthesia on pulmonary function, matrix metalloproteinase-9 (MMP-9) and postoperative cognition were compared in patients undergoing simple resection of lower lobe of left lung.
Introduction
Lung cancer has the highest morbidity and mortality rate in the male population and the second highest in the female population among the common malignant tumors in the world (1) . There are about 1.8 million new cases of lung cancer and 1.6 million deaths in the world every year, and the 5-year survival rate is only 15% (2, 3) . The risk factors for lung cancer include industrial pollution, air pollution, genetic factors, and smoking (4) .
Lung cancer resection is one of the most important methods in the treatment of early lung cancer in clinic. However, postoperative cognitive impairment is a problem that clinicians have always been trying to overcome. It has been proved that anesthesia can cause brain cognitive impairment, which can increase the recovery time and financial burden in mild cases and become life-threatening in severe cases (5, 6) . At the same time, it is easy to cause a certain degree of lung ischemia-reperfusion injury and affect the pulmonary function, thus affecting the prognosis of patients because of the need of resection of partial lung tissue after surgery (7) . Serum matrix metalloproteinase-9 (MMP-9) is one of the proteolytic enzymes released by neutrophils. The release of MMP-9 by neutrophils is considered to play an important role in promoting pulmonary inflammation by degrading basement membrane and migrating neutrophils to lung tissues and airways (8) . According to reports in the literature, some anaesthetics have effects of cell protection and are anti-inflammatory (9) . Therefore, how to improve anesthetic methods and reduce the malignant effects of anesthesia on pulmonary function and cognitive function is a very important issue.
The purpose of this study was to compare the effects of sevoflurane and propofol anesthesia on pulmonary function,
Comparison of the effects of sevoflurane and propofol anesthesia on pulmonary function, MMP-9 and postoperative cognition in patients receiving lung cancer resection MMP-9 and postoperative cognition in patients undergoing simple resection of the lower lobe of left lung, and to provide a theoretical basis for better clinical choice of anaesthetics.
Patients and methods

Basic information.
A total of 58 cases of lung cancer treated by simple resection of lower lobe of left lung in the Second Hospital of Dalian Medical University (Dalian, China) from October 2016 to October 2017 were analyzed retrospectively, including 36 males and 22 females with an average age of 52.68±14.52 years. They were divided into two groups: Sevoflurane group (n=32) with sevoflurane anesthesia and propofol group (n=26) with propofol anesthesia. There was no significant difference in the basic information between the two groups (P>0.05). Pregnancy and lactation, autoimmune diseases, chronic inflammation, diabetes, hypertension and heart disease were excluded in all cases, and all patients had normal liver and kidney function and did not receive radiotherapy, chemotherapy, hormones and other drug analgesia, or anti-inflammatory treatment before surgery. The study was approved by the Ethics Committee of the Second Hospital of Dalian Medical University. Patients who participated in this research had complete clinical data. The signed informed consents were obtained from the patients or the guardians (Table I) .
Treatment methods. The patients were prohibited from eating for 8 h and using medication before the surgery, and 0.2 mg/kg midazolam intravenous injection (H20031037; Jiangsu Enhua Pharmaceutical Group Co., Ltd., Jiangsu, China) was conducted 30 min prior to surgery. Invasive monitoring of angiosthenia, central venous pressure, electrocardiogram, blood pressure, heart rate, pulse and oxygen protection was established. In propofol group, propofol (H20030114; Sichuan Guorui Pharmaceutical Co., Ltd., Sichuan, China) target-controlled infusion (plasma concentration 3 µg/ml), 3 µg/kg fentanyl (H20030197; Yichang Humanwell Pharmaceutical Co., Ltd., Yichang, China), and 0.3 mg/kg atracurium (H20060869; Jiangsu Hengrui Pharmaceutical Co., Ltd., Jiangsu, China) rapidly induced endotracheal intubation by intravenous injection. After intubation, the flow of inhaled oxygen was 2.0 l/min, the tidal volume was 8-10 ml/kg, the respiratory rate was 10-12 times/min, and the respiratory ratio was 1:1.5. TCI pump (cp-660tci pump; Shanghai Huanxi Medical equipment Co., Ltd., Shanghai, China) propofol target controlled infusion (plasma concentration 4 µg/ml) was used to maintain anesthesia. In sevoflurane group, 6% sevoflurane (H35020148; Fujian Gutian Pharmaceutical Co., Ltd., Fujian, China) with 5 l/min oxygen flow was initially inhaled. The patients were asked to take a deep breath and applied positive pressure manual ventilation when their consciousness disappeared. The oxygen flow was reduced to 2 l/min, and the concentration of sevoflurane in the volatile tank was adjusted to maintain the end-expiratory sevoflurane concentration in the gas monitor at 1.0 MAC, fentanyl 3 µg/kg, atracurium 0.5-0.6 mg/kg rapidly induced endotracheal intubation by intravenous injection, and 3% sevoflurane was inhaled continuously for maintenance of anesthesia. Both groups received continuous infusion of atracurium and fentanyl with micro-infusion pump during surgery, and the average BIS was maintained between 40 and 60%.
Observation index. The moment before induction of anesthesia (T1), before the start of one-lung ventilation (T2), before the end of one-lung ventilation (T3), after closed chest surgery (T4), 24 h after surgery (T5), calculate alveolar-arterial oxygen difference (A-aD02), respiratory index (RI) and intrapulmonary shunt ratio (Qs/Qt) were compared between the two groups (10) .
The MMP-9 concentration in patients at T1, T4 and T5 was detected by ELISA (Shanghai Xinfan Biotechnology Co., Ltd., Shanghai, China). Then, 3 ml peripheral venous blood was drawn from all patients at T1, T4 and T5 and centrifuged with 3,000 x g for 8 min at 4˚C. The serum was collected and the level of MMP-9 was detected by ELISA. The specific operation methods were strictly in accordance with the instructions.
The cognitive function of two groups was assessed according to Mini-Mental State Examination (MMSE) 1 day before surgery and 1 and 10 days after surgery. The total score of MMSE is 30 points, and the normal range is 27-30 points. A decrease of 2 points is statistically significant. A total score of 23 or less can be diagnosed as POCD. In addition, the occurrence of restlessness in patients was recorded after surgery (11) .
Statistical analysis. The data was analyzed by SPSS 20.0 statistical software (IBM Corp., Armonk, NY, USA). Chi-square test was used for count data. t-test was used for paired comparisons, and οne-way ANOVA was used for multiple comparisons. The repetitive measure analysis of variance (ANOVA) was used in the comparison of different times within the group with Least Significant Difference test. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of pulmonary function between two groups.
There was no significant difference in A-aDO2 level at T1, T2, T3, T5 between sevoflurane and propofol groups (P>0.05). The A-aDO2 level at T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher A-aDO2 level at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher A-aDO2 level at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower A-aDO2 level at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower A-aDO2 level at T4 and T5 than that at T3. Both sevoflurane and propofol groups had significantly lower A-aDO2 level at T5 than that at T4, and the difference was statistically significant (P<0.05).
There was no significant difference in RI level at T1, T2, T5 between sevoflurane and propofol groups (P>0.05). The RI level at T3, T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher RI level at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher RI level at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower RI level at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower RI level at T4 and T5 than that at T3. Both sevoflurane and propofol groups had significantly lower RI level at T5 than that at T4, and the difference was statistically significant (P<0.05).
There was no significant difference in Qs/Qt at T1, T5 between sevoflurane and propofol groups (P>0.05). The Qs/Qt at T2, T3 and T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher Qs/Qt at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher Qs/Qt at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower Qs/Qt at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower Qs/Qt at T4 and T5 than that at T3. Both sevoflurane and propofol groups had significantly lower Qs/Qt at T5 than that at T4, and the difference was statistically significant (P<0.05; Fig. 1 and Table II) .
Comparison of MMP-9 between the two groups. There was no significant difference in MMP-9 level at T1 and T5 between sevoflurane and propofol group (P>0.05). The MMP-9 level at T4 in the sevoflurane group was significantly higher than that in the propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher MMP-9 level at T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly lower MMP-9 level at T5 than that at T4, and the difference was statistically significant (P<0.05; Fig. 2 and Table III) .
Comparison of cognitive function between the two groups.
There was no significant difference in MMSE score between sevoflurane and propofol groups 1 day before surgery (P>0.05). The MMSE score in sevoflurane group was significantly lower than that in propofol group 1 and 10 days after surgery, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly lower MMSE score of 1 and 10 days after surgery than that of 1 day before surgery. Both sevoflurane and propofol groups had significantly higher MMSE score of 10 days after surgery than that of 1 day after surgery, and the difference was statistically significant (P<0.05; Fig. 3 and Table IV) .
Discussion
According to literature reports, A-aDO2 and RI are the main indicators of pulmonary diffusion function. There is a positive correlation between the index value and the degree of lung injury. The larger the value is, the more serious the Table I . Basic information [n (%)]. (12) . Qs/Qt is associated with planing defects, causing arterial blood flow into the pulmonary vein to cause Qs/Qt to rise (13) . MMP-9 is a proteolytic enzyme that activates inflammatory mediators and cells in the lung and increases the permeability of pulmonary capillaries, which leads to pneumonedema (14) . The total score of MMSE is 30 points and less than 23 points are regarded as cognitive dysfunction (15) . Propofol is the most widely used intravenous anesthesia in clinical surgical treatment and has the function of antioxidation and inhibition of inflammation. It is generally Figure 1 . Comparison of pulmonary function between two groups. (A) There was no significant difference in A-aDO2 level at T1, T2, T3 and T5 between sevoflurane and propofol groups (P>0.05). The A-aDO2 level at T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher A-aDO2 level at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher A-aDO2 level at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower A-aDO2 level at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower A-aDO2 level at T4 and T5 than that at T3. Both sevoflurane and propofol groups had significantly lower A-aDO2 level at T5 than that at T4, and the difference was statistically significant (P<0.05). (B) There was no significant difference in RI level at T1, T2 and T5 between sevoflurane and propofol groups (P>0.05). The RI level at T3 and T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher RI level at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher RI level at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower RI level at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower RI level at T4, T5 than that at T3. Both sevoflurane and propofol groups had significantly lower RI level at T5 than that at T4, and the difference was statistically significant (P<0.05). (C) There was no significant difference in Qs/Qt at T1, T5 between sevoflurane and propofol group (P>0.05). The Qs/Qt at T2, T3 and T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher Qs/Qt at T2, T3, T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly higher Qs/Qt at T3 and T4 than that at T2, and both sevoflurane and propofol groups had significantly lower Qs/Qt at T5 than that at T2. Both sevoflurane and propofol groups had significantly lower Qs/Qt at T4 and T5 than that at T3. Both sevoflurane and propofol groups had significantly lower Qs/Qt at T5 than that at T4, and the difference was statistically significant (P<0.05). more stable when inducing anesthesia and rarely irritation symptoms appear (16) . Sevoflurane is a new type of inhaled anesthesia with no irritation of upper respiratory tract, low inhibition of respiration, rapid recovery after surgery and short recovery time (17) .
Pulmonary lobectomy often results in patients breathing only through one lobe. Currently, hypoxic pulmonary vasoconstriction of non-ventilated lung is an important factor affecting arterial partial pressure of oxygen. Therefore, A-aDO2, RI and Qs/Qt can be used as indicators for evaluating pulmonary function of patients (18) . In this study, there was no significant difference in the clinical data of patients (P>0.05), thus the data was comparable. The A-aDO2 level at T4 in sevoflurane group was significantly higher than that in propofol group, the difference was statistically significant (P<0.05). The RI level at T3 and T4 in sevoflurane group Comparison of MMP-9 between the two groups. There was no significant difference in MMP-9 level at T1 and T5 between sevoflurane and propofol groups (P>0.05). The MMP-9 level at T4 in the sevoflurane group was significantly higher than that in the propofol group, the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly higher MMP-9 level at T4 and T5 than that at T1. Both sevoflurane and propofol groups had significantly lower MMP-9 level at T5 than that at T4, and the difference is statistically significant (P<0.05). There was no significant difference in MMSE score between sevoflurane group and propofol group 1 day before surgery (P>0.05). The MMSE score in sevoflurane group was significantly lower than that in propofol group 1 and 10 days after surgery, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly lower MMSE score of 1 and 10 days after surgery than that of 1 day before surgery. Both sevoflurane and propofol groups had significantly higher MMSE score of 10 d after surgery than that of 1 day after surgery, and the difference was statistically significant (P<0.05). was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). The Qs/Qt level at T2 and T3 and T4 in sevoflurane group was significantly higher than that in propofol group, and the difference was statistically significant (P<0.05). The MMP-9 level at T4 in the sevoflurane group was significantly higher than that in the propofol group, and the difference was statistically significant (P<0.05). Combined with the above results, the lung injury of patients undergoing lung cancer resection with propofol was lower than that of sevoflurane, especially at T4. The level of A-aDO2, RI, Qs/Qt and MMP-9 in the serum of the patients of the two groups showed a trend of first increase and then decrease, but the level of A-aDO2, Qs/Qt and MMP-9 in propofol group was significantly lower than that in sevoflurane group. Findings of Tian et al (19) were basically consistent with ours, possibly because inhalation of sevoflurane released inflammatory mediators and made inflammatory cytokines highly expressed, leading to more severe lung injury in patients (20) . Other studies have shown that inhalation of anaesthesia may cause reversible pulmonary alveolar fluid and a decrease of lung water clearance by affecting biomembrane, leading to perioperative pulmonary edema and thus affecting oxygen diffusion function (21) . Animal experiments have shown that inhalation of anaesthesia can inhibit type II alveolar epithelial cells (AECII) from synthetizing pulmonary surfactant or decrease their activities (22) .
MMSE scale is one of the most important evaluation indicators, which has the advantages of simple operation, high efficiency and high reliability (23) . Especially, lung cancer resection impairs the cognitive function of patients to a certain extent. Under the influence of surgical resection of lung tissue, lung cancer resection can reduce the ratio of ventilation volume to blood flow to a certain extent, resulting in hypoxemia and impairment of cognitive function of patients (24) . In this study, there was no significant difference in MMSE score between sevoflurane and propofol group 1 day before surgery (P>0.05). The MMSE score in sevoflurane group was significantly lower than that in propofol group 1 and 10 days after surgery, and the difference was statistically significant (P<0.05). Both sevoflurane and propofol groups had significantly lower MMSE score of 1 and 10 days after surgery than that of day 1 before surgery. Both sevoflurane and propofol groups had significantly higher MMSE score of 10 days after surgery than that of 1 day after surgery, and the difference was statistically significant (P<0.05). Combined with the above results, it showed that the use of propofol was beneficial to the recovery of cognitive function in patients, which was consistent with the results of Jin et al (25) . The reason may be that sevoflurane can make increased permeability of mitochondrial membrane, activity of oxygen free radical, and enzyme concentration of inducing apoptosis, leading to postoperative amnesia in patients (26) .
However, there are still some limitations in this study. We hope that in the future, the research can be further deepened, and additional univariate analysis can be performed to compare the relationship between each clinical parameter and the A-aDO2, RI, MMP-9 and MMSE scores, or the multivariate analysis involving each clinical parameter as an independent variable.
In conclusion, propofol has little effect on pulmonary function and can reduce inflammation. Both sevoflurane and propofol have an effect on cognitive function after lung cancer resection. However, propofol can reduce cognitive impairment in patients, and provide theoretical basis for better clinical choice of anaesthesia.
